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Background and Objectives: Life-threatening hypotension during percutaneous coronary interventions (PCI) is devastating for the pa- 
tient and is associated with fatal adverse outcomes. The aim of our study was to assess the usefulness of intracoronary epinephrine in se- 
vere hypotension unresponsive to other measures during PCI. 

Subjects and Methods: We analyzed the Pusan National University Yangsan hospital cardiac catheterization laboratory database to 
identify patients who underwent PCI from December 2008 to July 201 2. The outcomes were changes of blood pressure (BP) and heart rate 
(HR) before and after intracoronary epinephrine and in-hospital mortality. 

Results: A total of 30 patients who were initially stable and received intracoronary epinephrine for severe hypotension during PCI were 
included. Following administration of intracoronary epinephrine (dose 1 81 ±24.8 microgram), systolic and diastolic BP (from 53.8±1 3.0 
mm Hg up to 11 2.8+21 .2 mm Hg, from 35±7.6 mm Hg up to 70.6±12.7 mm Hg, respectively) and HR (from 39.4±5.1 beats/min up to 
96.8±29.3 beats/min) were increased. Additionally, 21 patients (70%) showed hemodynamically acceptable responses to intracoronary epi- 
nephrine without the intraaortic balloon pump and temporary pacemaker during the PCI. In-hospital mortality was 17% (n=5). 
Conclusion: Although our study was small, intracoronary epinephrine was found to be well tolerated and resulted in prompt and success- 
ful recovery from severe hypotension in most patients when other measures were ineffective. Intracoronary epinephrine could be a safe 
and useful measure in patients developing severe hypotension during PCI. (Korean Circ J 2013;43:739-743) 
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Introduction 

Life-threatening hypotension or shock could occur unexpectedly 
during percutaneous coronary intervention (PCI). Hypotension may 
usually respond to traditional measures such as intravenous fluids 
and boluses or infusions of inotropic and vasopressor agents. When 

Received: July 17, 2013 

Revision Received: August 13, 2013 

Accepted: September 25, 2013 

Correspondence: Kook-Jin Chun, MD, Cardiovascular Center, Pusan Na- 
tional University Yangsan Hospital, 20 Geumo-ro, Mulgeum-eup, Yangsan 
626-770, Korea 

Tel: 82-55-360-1454, Fax: 82-55-360-2204 
E-mail: ptca82@gmail.com 

• The authors have no financial conflicts of interest. 

This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons. 
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work 
is properly cited. 



hypotension is more profound, intraaortic balloon pump (IABP), ex- 
tracorporeal membrane oxygenation (ECMO), or even cardiopulmo- 
nary resuscitation may be required. These measures such as IABP 
and ECMO are sometimes effective on severe hypotension. How- 
ever, they can be inconvenient due to difficulty in femoral puncture 
especially during transradial approach PCI. These measures may also 
be unnecessary because of transient hypotension. In such cases of 
severe transient hypotension, some reports have reported that in- 
tracoronary epinephrine is useful. 1121 The aim of our study was to as- 
sess the usefulness of intracoronary epinephrine in severe hypoten- 
sion unresponsive to other measures during PCI. 

Subjects and Methods 

Study populations 

From December 2008 to July 2012, a total of 1940 patients who 
underwent PCI in the Pusan National University Yangsan hospital 
cardiac catheterization laboratory were analyzed. Of these, 30 pa- 
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tients who were initially stable and receiving intracoronary epineph- 
rine for severe hypotension during PCI were included in this study. 

Study design 

Our study was a retrospective database review of our experience 
with intracoronary epinephrine in the management of severe hypo- 
tension during PCI. Data of all patients who underwent PCI were en- 
tered into a computerized cardiac catheterization laboratory data- 
base on a daily basis. Hypotension was defined as a systolic blood 
pressure (BP) of less than 90 mm Hg or a 30% decrease from the ba- 
seline value. To be considered severe, hypotension had to persist 
despite administration of at least one pharmacologic intervention. 
Angiography and PCI were performed using standard techniques. 
All patients received 325 mg of aspirin, 600 mg of clopidogrel, intra- 
venous heparin, and beta blockers as tolerated. Treatments for hypo- 
tension during PCI, which were intravenous fluid, atropine, boluses 
or infusions of inotropic and vasopressor agents, and IABP, were ch- 
osen at the discretion of the operator. The regimen of intracoronary 
epinephrine was two ampoules of 1 : 1000 epinephrine (1 ug/mL) 
mixed into 100 mL of normal saline (20 ug/mL). The dosages of in- 
tracoronary epinephrine (range, 50-200 ug) were adjusted based on 
the presence and severity of systemic hypotension, with larger and 
repeated doses for profound hypotension given accordingly (Fig. 1). 

Data collection 

Clinical variables collected for all patients included hemodynam- 
ics, cardiac rhythm, and the timing and dosages of intracoronary 
epinephrine as well as other pharmacologic therapies for hypoten- 
sion. Catheterization data included procedure indication, procedural 
details, and angiographic analysis including Thrombosis in Myo- 
cardial Infarction (TIMI) flow throughout the procedure. Outcome 
data included procedural success defined as <50% stenosis, final 
flow grade TIMI 3, and recovery of hemodynamics. Data regarding 
transvenous pacer and IABP usage as well as in-hospital mortality 



were collected. The main outcomes were changes of BP and heart 
rate (HR) before and after intracoronary epinephrine and in-hospital 
mortality. 

Statistical analysis 

All data were analyzed using Statistical Package for the Social 
Sciences (SPSS) ver. 18.0 (SPSS Inc., Chicago, IL, USA). Normally dis- 
tributed continuous variables were demonstrated as meanistand- 
ard deviation. Nominal variables were expressed as percentage. 

Results 

Baseline clinical characteristics 

The basic and clinical characteristics of all 30 patients (mean age, 
63.6±11.3 years) showed higher rates of male (n=21, 70%), ST-seg- 
ment elevation myocardial infarction (n=17, 56.7%) of clinical diag- 
nosis and stable systolic BP (113.3±8.9 mm Hg), diastolic BP (67.4± 
13.4 mm Hg), and HR (73.6±7.9 beats/min). The main causes of se- 
vere hypotension during the PCI was no-reflow phenomenon (n=25, 
83%). Other clinical and demographic characteristics are outlined 
in Table 1. 

Baseline coronary angiographic characteristics 

There were higher rates of the right coronary artery (n=17, 56%) 
in culprit coronary artery lesions and type C lesions (n=22, 73.4%). 
The majority of initial TIMI flow grade was TIMI 1 (n=10, 33%) or 2 
(n=11, 37%), while the majority of post TIMI flow grade was TIMI 3 
(n=21, 70%). Radial vascular access was highly performed in 73% 
(n=22) of these patients (Table 2). 

Effects of intracoronary epinephrine on severe hypotension 
during percutaneous coronary intervention 

Effects of intracoronary epinephrine on severe hypotension dur- 
ing PCI were summarized in Table 3. Administration of intracoronary 
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Normal saline 100 mL 



Epinephrine 20 ug/mL 



2 ampoules 
1 : 1000 epinephrine (1 ug/mL) 

Fig. 1 . The regimen of intracoronary epinephrine. The regimen of intracoronary epinephrine was two ampoules of 1 : 1000 epinephrine (1 ug/mL) mixed 
into 100 mL of normal saline (20 pg/mL). 
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Table 1. Baseline clinical characteristics 



Severe hypotension (n=30) 


Age (years) 


63M11.3 


Male gender, n (°/o) 


21 (70) 


BMI 


23.4±3.5 


Smoking, n (°/o) 


13 (43) 


Medical history, n (°/o) 


Hypertension 


17(57) 


Diabetes 


9(30) 


Chronic kidney disease 


2(7) 


Prior Ml 


2(7) 


Prior PCI 


2(7) 


Heart failure 


9(30) 


LVEF (%) 


55.7±15.9 


BUN (mg/dL) 


20.1 ±12.6 


Creatinine (mg/dL) 


1.3±0.9 


Pre-PCI 


SBP(mm Hg) 


113.3+8.9 


DBP(mm Hg) 


67.4±13.4 


HR (bpm) 


73.6±7.9 


Clinical diagnosis, n (°/o) 


Stable angina 


4(13.3) 


Unstable angina 


4(13.3) 


NSTEMI 


5(16.7) 


STEMI 


17(56.7) 


Etiology of severe hypotension, n (°/o) 


No reflow 


25 (83) 


Spasm 


0(0) 


Thrombus 


7(23) 


Other measures used, n (°/o) 


Temporary pacemaker 


1(3) 


IABP 


8(27) 


ECMO 


1(3) 


In-hospital mortality 


5(17) 



All values are means±SD. BMI: body mass index, Ml: myocardial infarction, 
PCI: primary coronary intervention, LVEF: left ventricular ejection fraction, 
BUN: blood urea nitrogen, BP: blood pressure, NSTEMI: non-ST elevation 
myocardial elevation, STEMI: ST-elevation myocardial infarction, IABP: in- 
traaortic balloon pump, ECMO: extracorporeal membrane oxygenation 



epinephrine (mean dose, 181 ±24.8 ug) resulted in significant over- 
all improvements in systolic and diastolic BP (from 53.8±13.0 up to 
11 2.8+21 .2 mm Hg, from 35±7.6 up to 70.6+12.7 mm Hg, respec- 
tively). Not surprisingly, intracoronary epinephrine resulted in sig- 
nificantly increased HR (from 39.4±5.1 up to 96.8±29.3 beats/min), 
but fortunately resulted in no cases of acute dysrhythmia. 

Additionally, IABP was required in 7 (24%) patients, both IABP 
and temporary pacing in 1 (3%) patient, and ECMO in 1 (3°/o) patient 
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Table 2. Coronary angiographic characteristics 



Severe hypotension (n=30) 


Culprit vessel, n (°/o) 


Left anterior descending 




6(20) 


Left circumflex 




5(17) 


Right coronary 




17 (56) 


Left main coronary 




2(7) 


Lesion type*, n (°/o) 


B1 4(13.3) 


B2 




4(13.3) 


C 




22 (73.4) 


Initial TIMI flow grade, n (°/o) 


0 




8(27) 


1 




10(33) 


2 




11 (37) 


3 




1(3) 


Post TIMI flow grade, n (°/o) 


0 




1(3) 


1 




0(0) 


2 




8(27) 


3 




21 (70) 


Vascular access site, n (°/o) 


Radial 




22 (73) 


Femoral 




8(27) 


'American College of Cardiology/American Heart Association lesion classi- 
fication. TIMI: Thrombosis in Myocardial Infarction 


Table 3. Effects of intracoronary epinephrine on severs 
ing PCI 


: hypotension dur- 


Severe hypotension (n=30) 


Pre IC-Epi 


Post IC-Epi 


BP (mm Hg) 


Systolic 


53.8±13.0 


112.8121.2 


Diastolic 


35.0±7.6 


70.6±12.7 


HR (bpm) 


39.4±5.1 


96.8±29.3 



All values are meansiSD. IC-Epi: intracoronary epinephrine, BP: blood pres- 
sure, HR: heart rate 



due to persistent severe hypotension even after intracoronary epi- 
nephrine injection. Therefore, 21 patients (70%) showed hemody- 
namically acceptable responses to intracoronary epinephrine with- 
out the IABP and temporary pacemaker during the PCI. In-hospital 
mortality was 17% (n=5) (Table 1). 

Discussion 

The aim of this study was to assess the usefulness of intracoro- 
nary epinephrine in severe hypotension unresponsive to other mea- 
sures during PCI. Our data showed that administration of intracor- 
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onary epinephrine resulted in significant improvements in systolic 
and diastolic BP (from 53.8±13.0 mm Hg up to 11 2.8+21 .2 mm 
Hg, from 35±7.6 mm Hg up to 70.6±1 2.7 mm Hg, respectively) in 
almost all patients and restored normal BP in the majority of cases. 
Moreover, intracoronary epinephrine was safely administered with- 
out significant adverse effects. 

Epinephrine has been the primary drug for in the purpose of re- 
suscitation from cardiac arrest. 3 " 5 ' Epinephrine is a mixed potent 
adrenergic agonist, acting on alpha- and beta-adrenergic recep- 
tors. 2 ' 5 ' At low doses, beta-adrenergic effects (vasodilatation) on the 
vascular system predominate, whereas at high doses, alpha-adren- 
ergic effects (vasoconstriction) increase as the dose increases. 3 ' 61 Epi- 
nephrine administered at low concentrations (e.g., 0.1 ug/kg) para- 
doxically can produce vasodilation because low dose epinephrine 
have greater sensitivity to vasodilator beta-2 receptors than vaso- 
constrictor alpha receptors, 3 ' 7 ' and beta-adrenergic stimulation leads 
to coronary vasodilatation. 8 " 10 ' However, high dose epinephrine in- 
creases myocardial oxygen consumption, decrease myocardial ATP 
with prodysrhythmic effects such as ventricular fibrillation and myo- 
cardial lactate level. 4 ' 6 ' 7 ' Because there were some limitations regard- 
ing dose-dependent effects of epinephrine, we had to use epineph- 
rine carefully. 

Moreover, different effects of epinephrine have been noted de- 
pending on its administration routes. The traditional routes of ad- 
ministration such as venous route have some potential disadvan- 
tages. Lower concentrations of the inotropic agent reach the heart 
and systemic circulation because the venous route could have the 
disequilibrium dilution effect and pulmonary elimination. 11 ' Addi- 
tionally, venous administration of epinephrine may trigger pulmo- 
nary vasoconstriction, resulting in increased pulmonary arterial 
pressure and pulmonary vascular resistance. 12 ' Aral et al. 12 ' evaluated 
the hemodynamic advantages of left atrial epinephrine administra- 
tion during open heart operation. They showed that the average pul- 
monary arterial pressure and pulmonary vascular resistance were 
higher in the central venous group, whereas higher cardiac indices 
and average BP were noted in the left atrial group. They concluded 
that epinephrine infusion through the left atrial route is associated 
with greater hemodynamic advantages than infusion through the 
central venous route. 

Life-threatening hypotension during PCI, resulting from acute ble- 
eding, coronary perforation with cardiac tamponade, arrhythmia, 
contrast- or medication-induced anaphylaxis, no reflow phenome- 
non, coronary spasm, and new thrombus formation, could occur un- 
expectedly and be associated with fatal adverse outcomes. Hypo- 
tension usually responds to traditional measures such as intraven- 
ous fluids, atropine and boluses or infusions of inotropic and vaso- 
pressor agents. When the hypotension is more profound, an IABP, 
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ECMO may be required. These measures such as IABP and ECMO 
are sometimes effective on severe hypotension. However, they are 
usually unnecessary because hypotension during PCI is often tran- 
sient. Moreover, these measures are not easy to perform especially 
during transradial PCI because femoral puncture is usually difficult 
due to low BP. As intracoronary epinephrine can restore systolic and 
diastolic BP and acquire the time for preparation of other interven- 
tions such as temporary pacemaker, IABP and ECMO, intracoronary 
epinephrine can reduce the need of unnecessary interventions and 
be a "pharmacologic bridge" to definitive intervention. 

Some studies have reported that intracoronary epinephrine is use- 
ful on severe transient hypotension. 1 ' 2 ' In our study, the main causes 
of severe hypotension during the PCI was no-reflow phenomenon 
(n=25, 83%). Intracoronary administrations of nitroglycerine, nitro- 
prusside, verapamil, adenosine, and Glycoprotein llb/llla inhibitors 
have been reported as traditional pharmacologic therapies. However, 
success rates are variable and in some cases no-reflow is refractory 
to multiple agents. 1 ' Due to its inotropic and vasodilator effects, in- 
tracoronary epinephrine has been considered for the treatment of 
no-reflow. 13 ' Skelding et al." evaluated the effects of intracoronary 
epinephrine (bolus range, 50-200 ug; mean dose, 139.8-189 ug) in 
the setting of refractory no-reflow; intracoronary epinephrine re- 
sulted in an overall improvement (69% of PCI) in coronary flow, res- 
toration of BP in hypotensive patients and increased HR in the ab- 
sence of major tachyarrhythmias. In our study, despite the no-reflow 
phenomenon refractory to traditional agents, intracoronary epi- 
nephrine constantly improved coronary flow and did not infrequ- 
ently reverse no-reflow. An improvement in coronary flow was esta- 
blished with beneficial effects on BP in patients exhibiting hypo- 
tension with no-reflow. It has been suggested that intracoronary 
epinephrine has a potential role in ischemic patients with no-re- 
flow and hypotension. 1 ' 2 ' 10 ' However, randomized trials on the use of 
epinephrine are lacking. Besides the useful effect of no-reflow ph- 
enomenon, intracoronary epinephrine may be the last resort in the 
case of refractory hypotension due to contrast- or medication-in- 
duced anaphylaxis, coronary dissection, coronary spasm, and new 
thrombus formation during PCI. 

There is no consensus about the safe dosage of intracoronary 
epinephrine in patients with refractory hypotension during the PCI. 
Only two clinical reports mentioned dosage of intracoronary epine- 
phrine (range 50-400 ug) by arbitrarily selection, 1 ' 2 ' but no cases of 
acute dysrhythmia were noted. 

Nonetheless, the present study has several limitations. First, our 
study was a small, observational and non-randomized single center 
study. Second, we excluded patients with missing data, which may 
reflect selection bias. Thus, to fully evaluate long-term clinical out- 
comes, large-scale long-term prospective randomized trials are ne- 



http://dx.doi.org/10.4070/kcj.2013.43.11.739 



www.e-kcj.org 



Korean Circulation Journal 



eded in the future. 

Intracoronary epinephrine may have useful effects such as ino- 
tropic, chronotropic and coronary vasodilator effects in patients de- 
veloping severe hypotension during PCI. Although our study was 
small, intracoronary epinephrine was well tolerated and resulted in 
prompt and successful recovery from severe hypotension in most 
patients when other measures were ineffective. Intracoronary epi- 
nephrine could be a safe and useful measure in patients developing 
severe hypotension during PCI. 
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